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Background: Ovarian cancer is characterized by high metastatic potential and high mor-
tality. More than 80% of primary ovarian malignancies are epithelial ovarian cancers. There
is increasing evidence that Speckle-type POZ protein (SPOP) is highly correlated with the
development of various types of cancer. However, the effects of SPOP on epithelial ovarian
cancer and the associated molecular mechanisms remain unclear.

Materials and methods: We compared SPOP expression between epithelial ovarian
cancer tissues and normal ovarian tissues by using immunohistochemical staining. To
determine the role of SPOP in epithelial ovarian cancer cells, we overexpressed or knocked
down SPOP in the epithelial ovarian cancer cell line OVCAR-3 using lentiviral vectors.
Results: Our results from the present study indicated that SPOP expression was significantly
downregulated in human epithelial ovarian cancer and was associated with the FIGO stage
and the histopathologic grading of the tumor. The overexpression and knockdown experi-
ments revealed that SPOP inhibited proliferation while promoting apoptosis in ovarian
cancer cells. Inhibition of SPOP mis-activated the Hedgehog (Hh) signaling pathway,
thereby inhibiting apoptosis in ovarian cancer cells.

Conclusion: SPOP suppresses proliferation and promotes apoptosis in human ovarian
cancer cells by inhibiting the Hh signaling pathway, offering the possibility of new
approaches for the treatment of ovarian cancer.
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Introduction
Ovarian cancer is one of the most fatal gynecological tumors. More than 80% of
primary ovarian malignancies are epithelial ovarian cancers. It is estimated that there
are approximately 239,000 new cases of ovarian cancer and 152,000 related deaths
worldwide each year.! Ovarian cancer is often referred to as a “silent killer” because
patients tend to be in an advanced stage with poor prognosis by the time the ovarian
cancer is diagnosed.” The occurrence of ovarian cancer is closely related to chromo-
somal abnormalities, oncogene activation, and inactivation of tumor suppressor
genes. Although considerable progress has been made in understanding the molecular
mechanisms underlying ovarian cancer progression, the prognosis of patients with
advanced ovarian cancer remains poor. Therefore, it is necessary to further explore
the molecular mechanisms, whereby new therapeutic interventions can be developed.
The human SPOP gene is located on chromosome 17q21.33. Heterozygous
deletion (LOH) of the SPOP gene locus has been observed in a high percentage
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of the human breast cancer cases.’ Previous studies have
found high-frequency mutations in the SPOP gene in
prostate and endometrial cancer.*” SPOP is a CUL3-
based E3 ubiquitin ligase adaptor protein,® containing the
following four domains: an N-terminal MATH domain
responsible for substrate recruitment, a BTB domain for
the interaction with cullin3, a C-terminal nuclear localiza-
tion sequence, and a 3-box domain that facilitates binding
to cullin3.” SPOP promotes ubiquitination and proteaso-
mal degradation of its substrates. Multiple SPOP sub-
strates have recently been identified, including AR,
steroid receptor coactivator SRC-3, ERG, ERa, and
PR.*'3 They all have been found to contain a common
SBC motif. SPOP has been identified as a key tumor
suppressor that promotes degradation of several oncogenic
proteins in various cancers, including prostate, gastric,
endometrial, liver, glioma, colorectal, breast, and osteosar-
coma cancers. > 2% However, in clear cell renal cell carci-
noma, SPOP has been reported to be upregulated and
accumulated in the cytoplasm under hypoxic conditions,
supporting the progression of the cancer by promoting
ubiquitination and degradation of PTEN, DUSP7, and
DAXX.?! The differential effect of SPOP in renal clear
cell carcinoma and other cancers may be due to differences
in the subcellular localization of SPOP in different can-
cers. In addition, we have previously identified high-fre-
quency LOH in the SPOP locus in ovarian cancer tissues
by fluorescence in situ hybridization (FISH) and suggested
that SPOP may play a role in ovarian cancer.”” However,
such a role and the related mechanisms remain unclear.
The Hedgehog (Hh) signaling pathway is a morphoge-
netic pathway critical for the formation and growth of
various tissues during embryonic development.>>** There
is growing evidence that the Hh pathway is mis-activated
in almost all tumors, including ovarian cancer.>> %’ The
Hh signaling in mammals encompasses three Hh ligands
(Sonic hedgehog-Shh, Indian hedgehog-lhh, and Desert
hedgehog-Dhh), two Patched receptors (PTCH1 and
PTCH2), the signal transducer protein Smoothened
(SMO), and three transcription factors (Glil, Gli2, and
Gli3), for which suppressor of fused (SuFu) functions as
a negative regulator, preventing activation of Hh target
genes.” In the absence of an Hh ligand, Smo activation
is inhibited by the 12-transmembrane domain protein
PTCH located in the cell membrane. Binding of an Hh
ligand to PTCH releases this inhibition, allowing Smo to
activate the Gli family transcription factors. These tran-
scription factors then translocate to the nucleus and

activate transcription of Hh target genes, which promote
cell survival, proliferation, and differentiation.’’ The
Drosophila homolog of SPOP, called HIB or rdx, inhibits
the Hh signaling by mediating degradation of the sole Gli
transcription factor Ci in the fly.*>** Interestingly, SPOP
has been found to interact with Gli2 in gastric cancer and
colorectal tumors through post-transcriptional modification
and to downregulate Gli2 in renal cancer, thereby exerting
a tumor-suppressive effect.'®'”

In this study, we evaluated the expression of SPOP in
ovarian cancer and normal tissues. We then analyzed the
possible correlations between the clinicopathological features
and SPOP expression. Based on the clinical findings, we
performed in vitro experiments and studied the effect of up-
or down-regulation of SPOP on ovarian cancer cell prolifera-
tion and apoptosis. We observed that SPOP had a pro-apoptotic
effect in ovarian cancer cells by modulating Hh signaling.

Materials And Methods

Reagents And Antibodies

The Cell-light™ EdU Apollo567 In Vitro Kit was purchased
from RiboBio (C10310-1; RiboBio, Guangzhou, China. The
Gli inhibitor GANT61 was purchased from MedchemExpress
(HY-13901; MedchemExpress, Monmouth Junction, NJ,
USA). Dimethyl sulfoxide (DMSO) was purchased from
Sigma (Sigma, Milwaukee, WI, USA). Antibodies against
the following proteins were used for Western blotting at the
dilutions indicated in parentheses: Hedgehog signaling anti-
body sampler kit (8358; 1:1000), caspase3 (9668; 1:1000),
GAPDH (5174; 1:1000), and Bax (2772; 1:1000) were pur-
chased from Cell Signaling Technology (Cell Signaling
Technology, Beverly, MA, USA); SPOP (ab168619; 1:1000)
was purchased from Abcam (Abcam, Cambridge, MA, USA);
Bcl2 (bs-0032R; 1:500) and PCNA (bs-0754R; 1:500) were
purchased from Bioss (Bioss, Beijing, China); and GLI2
(WL02691; 1:500) was purchased from Wanleibio
(Wanleibio, Shenyang, China). SPOP (16750-1-AP; 1:200)
antibody for immunohistochemistry was purchased from
Proteintech (Proteintech, Wuhan, China).

Sample Collection

Paraffin sections of human ovarian cancer and healthy tissue
samples from 55 and 30 individuals, respectively, were
obtained from the Chongqing Medical University Pathology
Testing Center. Ovarian epithelial cancer tissue and normal
ovarian epithelial tissue constituted the experimental and con-
trol groups, respectively. Of the 55 carcinoma cases, 7 cases
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were diagnosed at stage I, 10 cases at stage II, 29 cases at stage
II, and 9 cases at stage IV according to the International
Federation of Gynecology and Obstetrics (FIGO) classifica-
tion. None of the patients had any tumor other than primary
ovarian epithelial cancer, and none had received chemother-
apy or radiotherapy before the surgery. The control samples
originated from individuals undergoing total abdominal hys-
terectomy for uterine fibroids, and none of these individuals
had any malignant tumors in other organs before the operation.
The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the
Second Affiliated Hospital of Chongging Medical University.

Immunohistochemical Staining

The tissue sections were de-paraffinized with xylene for 30
min and rehydrated with decreasing concentrations of
ethanol. Next, they were immersed in citrate buffer, heated
in a microwave oven for 5 min, and then maintained at
medium heat for 10 min for antigen retrieval.
Immunohistochemical staining was performed according
to the instructions in the polymer detection system
(PV-9000; Zsbio, Beijing, China). The sections were trea-
ted with the anti-SPOP antibody overnight at 4 °C, and the
bound antibodies were visualized with 3,3’-diaminobenzi-
dine (DAB; Zsbio). The experimental and control samples
were examined with a microscope under the same expo-
sure conditions (OLYMPUS, Tokyo, Japan). For each
sample, a comprehensive scoring was performed based
on the intensity of SPOP protein staining (no stain = 0;
light yellow = 1; yellow-brown = 2; brown = 3) and the
percentage of stained cells (No staining = 0, 1-24% =1,
25-49% = 2, 50-74% = 3, 75-100% = 4). The final
immunohistochemical score was determined by multiply-
ing the intensity score by the percentage score, ranging

from 0 (minimum) to 12 (maximum).

Cell Culture And Transfection

OVCAR-3 cells were cultured in RPMI-1640 (Gibco, NY,
USA) containing 10% fetal bovine serum (FBS; Cellmax,
Lanzhou, China) and 1% antibiotic mixture (Beyotime,
Shanghai, China) at 37 °C in a humidified incubator with
5% CO,. A total of 3 x 10° cells were infected with a lentivirus
(Sunbio Medical Biotechnology, Shanghai, China) carrying
the SPOP gene (ov-SPOP), SPOP shRNA (sh-SPOP), or
negative control (ov-NC or sh-NC) following the manufac-
turer’s instructions. The infected cells were selected with 72 h
of incubation with 10-pug/mL puromycin (P8230; Solarbio,
Beijing, China).

Western Blot Analysis

The cells were washed with cold PBS and lysed in RIPA
buffer (P0013B, Beyotime) containing 1% PMSF (ST506,
Beyotime). The cell lysates were centrifuged at 12,000 x g
for 15 min to remove the debris, and the supernatants were
kept for further analysis. The samples were mixed with
25% SDS-PAGE Sample Loading Buffer (P001S5;
Beyotime) and incubated at 100 °C for 3-5 min. They
were then run on an 8-12% SDS-PAG and transferred onto
a polyvinylidene fluoride membrane. Subsequently, the
membrane was blocked with 2 h of incubation with 5%
BSA (SW3015, Solarbio) at room temperature and incu-
bated with the antibodies overnight at 4 °C. Horseradish
peroxidase (HRP)-conjugated secondary antibodies were
used to detect the primary antibodies. The ECL detection
system (WBKLS0100; Millipore, Billerica, MA, USA)
was used to visualize the protein bands. The expression
values of the proteins analyzed were normalized to the
expression of GAPDH. All the experiments were repeated
at least three times and yielded consistent results.

Colony Formation Assay

Five hundred cells were seeded in each well of a 6-well
plate and incubated in RPMI-1640 with 10% FBS at 37 °C.
Two weeks later, the cells were fixed with 5% polyacetal
and stained with 0.1% crystal violet. Colonies with > 50
cells were counted. The experiments were performed in
triplicate.

qRT-PCR

Total RNA (1 pg) was used to prepare cDNA by reverse
transcription using a PrimeScript™ RT Reagent Kit
(RR037A; TaKaRa, Tokyo, Japan) according to the manufac-
turer’s instructions. qRT-PCR was performed using SYBR
Premix Ex Taq™ II (RR820A; TaKaRa). The data were
analyzed using the comparative AACT method. The target
gene mRNA level was normalized to that of GAPDH. The
following primers were used for the PCR: SPOP (forward,
5'-GCCCTCTGCAGTAACCTGTC-3’; reverse, 5'-GTCTCC
AAGACATCCGAAGC-3"); Glil (forward, 5-TCCTACCA
GAGTCCCAAGTT-3'; reverse, 5'-CCCTATGTGAGCCCTA
TTT-3"); Gli2 (forward, 5'-ATGAAGCCTAACTCTTGAGG
TCT-3'; reverse, 5'-AACCTGGAATCAGAATGTGCTC-3');
GAPDH (forward, 5-CGACCACTTTGTCAAGCTCA-3';
reverse, 5'-CCCTGTTGCTGTAGCCAAAT-3"); SuFu (for-
ward, 5'-TGGCACTACATCAGCTTCGG-3'; reverse, 5'-TC
AACTCAAAGCCAAAACCAC-3'); and PTCHI (forward,
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5-ACTTCAAGGGGTACGAGTATGT-3"; reverse, 5-TGCG
ACACTCTGATGAACCAC-3').

Statistical Analysis

Values are shown as the mean = SD. Differences between the
groups were evaluated using Student’s ¢-test or one-way ana-
lysis of variance (ANOVA). Spearman correlation was used to
evaluate the relationship between SPOP expression and clin-
ical pathologic features. The graphical presentations were
prepared using the GraphPad Prism Software (La Jolla,
USA). All the analyses were performed using IBM
SPSS23.0 software (Armonk, NY, USA). Differences were
considered significant if P < 0.05 (*P < 0.05, **P < 0.01, and
***p <0.001).

Results
Expression And Clinical Relevance Of
SPOP In Ovarian Cancer

A total of 30 normal ovarian tissues and 55 epithelial ovarian
cancer tissues were eligible for our study. We examined the
expression level of SPOP in the normal ovarian and epithelial
ovarian cancer tissues using immunohistochemical staining.
SPOP was strongly expressed in most of the normal ovarian
tissue samples but weakly in most of the cancer tissue sam-
ples (Figure 1A). Furthermore, although SPOP was localized
in both the nucleus and cytoplasm of normal ovarian epithe-
lial cells, it was mainly detected in the cytoplasm of epithelial

A

Normal tissue

Ovarian cancer

X100

X400

ovarian cancer cells. We determined the SPOP staining score
(from 0 to 12) of each section based on the intensity and area
of SPOP protein expression. We found significant differences
in the SPOP scores between normal ovarian tissues and
epithelial ovarian cancer tissues. The SPOP score of normal
ovarian epithelial tissues was much higher than that of
epithelial ovarian cancer tissues (Figure 1B).

Although SPOP expression was low in epithelial ovarian
cancer tissues, there were differences in SPOP levels among
the samples. During the immunohistochemical SPOP scoring,
we defined scores < 6 as low SPOP expression and those > 6 as
high expression. We further analyzed the correlation between
the SPOP expression and clinicopathological features. As
shown in Table 1, SPOP expression was inversely correlated
with the FIGO stage and histopathological grade but not with
the patient’s age or pathological type. This association between
the SPOP expression and clinicopathological features indicates
that SPOP is associated with epithelial ovarian cancer progres-
sion and malignancy. Lower SPOP levels were associated with
advanced ovarian cancer and a higher degree of malignancy.
Taken together, these results indicate that SPOP is a potential
tumor suppressor in epithelial ovarian cancer.

SPOP Inhibits Proliferation Of OVCAR-3

Ovarian Cancer Cells
To determine the role of SPOP in ovarian cancer, the human
epithelial ovarian cancer cell line OVCAR-3 was infected
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Figure | Expression of SPOP in ovarian cancer and normal tissues. (A) Representative results of SPOP expression in ovarian cancer and normal tissues using
immunohistochemical staining (DAB staining; scale bar, 2 mm). High-magnification images providing detailed information are shown at the bottom. (B) SPOP staining
intensity was scored in ovarian cancer and normal tissues. SPOP expression was plotted using the immunochemical scores as described in the results. **P < 0.001.
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Table | Correlation Between SPOP Expression And Clinic Pathological Information In Epithelial Ovarian Cancer
Variable Groups SPOP Staining Intensity Spearman’s R P
N Low (%) High (%)
Age <50 22 12 (55) 10 (45) -0.187 0.171
>50 33 24 (73) 9 (27)
FIGO stage I- 11 17 6 (35) Il (65) —0.424 0.00 |##*
M- 1v 38 30 (79) 8 21)
Histopathologic Grading Low 4 0(0) 4(100) -0.385 0.004%*
High 51 36(70) 15(30)
Pathological type Serous 50 32(64) 18(36) -0.097 0.482
Mucous 5 4(80) 1(20)

Notes: **P<0.01; ***P<0.001.

with lentiviruses carrying an SPOP gene vector (ov-SPOP),
SPOP knockdown vector (sh-SPOP), or a negative control
vector (sh-NC or ov-NC). After screening for the infected
cell lines, overexpression levels and knockdown efficiencies

were determined by qRT-PCR and Western blotting

(Figure 2A and B). In addition, the PCNA (proliferating
cell nuclear antigen) level was found to decrease as the
SPOP level increased, and the SPOP level decreased as the
PCNA level increased (Figure 2C). In the colony formation
assay, the clone formation rate of the ov-SPOP cell line was

A 5_ *xKk
% bl sh-NC sh-SPOP ov-NC ov-sPOP £ 2.0
ol -05 dkk —
z " T seor [N e | S5 01
n_ 4
o e 8- GAPDH [ (s .| o 2 10
o2 a9 -
n % 2— FkK g )
; O I—I 3 0.0 T T
s 4 & Q Q
(o) O O
= . _ sh-NC sh-SPOP ov-NC ov-SPOP % 520 & '@QO
e s T PoNA [ - - gk
Q Q
XL &L GAPDH i s | S
X (\,“O v 4,"0
) [9)
E F
u) Fokk g *
-3 | 1 = ] 0.8 ‘ 1
© D *
o 04 5. |
g 03 " 85 04
2 02 2 D2 ™
Z 0.1 &
0 z 0.0 T T
P g9 0.0 T I @
i ) 2 ° - Q Q
; b 2 f R > © O P O
e FL L T TS
.t\'- it A0 é\ é\’ ° 0\\' - o

Figure 2 Effect of SPOP on the proliferation of OVCAR-3 ovarian cancer cells. (A) The SPOP mRNA levels were evaluated using qRT-PCR. ***P < 0.001. (B) Western
blotting was used to evaluate the SPOP protein levels. **P < 0.001. (C) Western blotting was used to evaluate the PCNA protein levels. (D) Colony formation assay was
performed to assess cell proliferation and cloning ability. (E) Quantification of the colony formation rate. Data represent the average of the results from three experiments.

P < 0.01; ¥**P < 0.001. (F) Quantification of EdU-positive nuclei. Data represent the

average of the results from three experiments. *P < 0.05; **P < 0.01.

OncoTargets and Therapy 2019:12

submit your manuscript

9243

Dove


http://www.dovepress.com
http://www.dovepress.com

Li et al

Dove

A sh-NC

sh-SPOP

Hoechst
X100

EDU
X100

Merge
X100

ov-NC ov-SPOP

Figure 3 Cell proliferation was analyzed by EdU proliferation assay. (A) EdU-positive nuclei indicate proliferating cells (scale bar, 1000 pm).

significantly lower than that of the ov-NC cell line. However,
the clone formation rate of the sh-SPOP cell line was sig-
nificantly higher than that of the sh-NC cell line (Figure 2D
and E). Furthermore, the results of the EdU proliferation
assay showed that the percentage of EdU-positive nuclei in
the ov-SPOP cells was significantly lower than that in the ov-
NC cells. The percentage of EdU-positive nuclei in the sh-
SPOP cells was significantly higher than that in the sh-NC
cells (Figures 2F and 3A). In conclusion, SPOP appears to
have a suppressive effect on the proliferation and cloning
ability of OVCAR-3 cells in vitro.

SPOP Induces Apoptosis In OVCAR-3
Cells

To determine whether SPOP had an effect on apoptosis in
OVCAR-3 cells, we examined apoptotic bodies in the ov-
SPOP and ov-NC cells using transmission electron micro-
scopy (TEM). We observed that the ov-SPOP ovarian cancer
cells contained apoptotic bodies unlike the ov-NC cells
(Figure 4A). Next, we analyzed the levels of apoptosis-related
proteins and found that overexpression of SPOP in OVCAR-3
cells upregulated the pro-apoptotic proteins cleaved-caspase3
and Bax while downregulating the apoptosis inhibitory protein

Bcl2. In contrast, knocking down SPOP was found to down-
regulate cleaved-caspase3 and Bax while upregulating Bel2 in
OVCAR-3 cells (Figure 4B).

The Hh Signaling Pathway Is Involved In

SPOP-Induced Apoptosis

The gqRT-PCR analysis revealed that the level of the Gli2
transcription factor of the Hh signaling pathway also chan-
ged according to the SPOP level. The down-regulation and
up-regulation of SPOP significantly increased and
decreased the G/i2 mRNA levels, respectively. However,
Glil, PTCHI, and SuFu mRNA levels did not change.
These results suggested that SPOP might be involved in
the Hh signaling pathway (Figure 5A and B). We further
verified the SPOP-induced changes in the levels of the
proteins related to the Hh signaling pathway. When we
knocked down the SPOP, the levels of Glil, Gli2, and
SuFu proteins significantly increased, but there was no
obvious change in the level of PTCHI. In contrast, as
the SPOP protein level increased, the levels of Glil,
Gli2, and SuFu significantly decreased with no change
on the PTCHI level (Figure 5C). These results confirm

that SPOP modulates the Hh signaling pathway. We then
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Figure 4 Effect of SPOP on the apoptosis of OVCAR-3 ovarian cancer cells. (A) Apoptotic bodies were observed by TEM. (B) The expression levels of the apoptosis-
related protein Bax, cleaved Caspase-3, and Bcl-2 were determined by Western blotting.

treated sh-SPOP and sh-NC cells with the inhibitor
(GANT61) of the Hh signaling pathway to further deter-
mine whether SPOP induces apoptosis in ovarian cancer
cells by inhibiting the Hh signaling pathway. The Western
blotting results confirmed that GANT61 inhibited the
expression of Glil and Gli2 (Figure 5D). Apoptosis was

also quantified by flow cytometric analysis of the cells
stained with annexin V-APC-A and DAPI. Treatment of
sh-NC cells with GANT61 significantly increased the
apoptotic rate relative to that observed with DMSO treat-
ment. Treatment of sh-SPOP cells with GANT61 also
somewhat induced apoptosis relative to that observed
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Figure 5 Effect of SPOP on the apoptosis of OVCAR-3 ovarian cancer cells via the Hh signaling pathway. (A, B) The mRNA expression levels of Glil, Gli2,
PTCHI, and SuFu were determined by qRT-PCR. ***P < 0.001. (C) The protein expression levels of SuFu, PTCHI, Glil, and Gli2 were determined by Western
blotting. (D) The Glil and Gli2 protein expression levels in sh-SPOP and sh-NC cells treated with GANT6! (20 pM, 48 h) were determined by Western blotting.
The same volume of DMSO was used as a control. (E) Apoptosis was assessed with flow cytometry. (F) The upper and lower right quadrants (late and early
apoptotic cells, respectively) of the flow cytometry results were quantitated. Bars represent the standard deviation of three independent experiments.

*P < 0.05; **P < 0.01.
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with DMSO treatment. Moreover, there was also a signifi-
cant difference between the apoptotic rates of the sh-SPOP
and sh-NC cells, showing that the inhibition of SPOP
decreased the apoptosis rate than that of the negative
control (Figure 5E and F). These results altogether indicate
that SPOP protein promotes apoptosis in ovarian cancer
cells by inhibiting the Hh signaling pathway.

Discussion
SPOP is a CUL3 ubiquitin ligase adaptor that promotes ubi-
quitination and degradation of its substrates, and it is involved
in the regulation of a variety of signaling pathways. Studies on
tumors have reported that SPOP may participate in the regula-
tion of cell proliferation and apoptosis in a variety of tumors.
Previously, we have found that the SPOP gene locus has a
high-frequency deletion or loss of heterozygosity in ovarian
cancer.”? However, the role of SPOP in ovarian cancer and its
mechanism have remained unclear. In this study, we found
differences in SPOP expression between 55 epithelial ovarian
cancer cases and 30 normal ovarian samples. The significant
decrease in SPOP expression in epithelial ovarian cancer tis-
sues indicates that SPOP plays a role in the progression of
ovarian cancer, and this conclusion is consistent with previous
results. Correlation analysis revealed that SPOP expression
was inversely correlated with the FIGO stage and histopatho-
logical grade. As the progression of ovarian tumors and the
degree of malignancy increase, the expression of SPOP protein
gradually decreases. This observation suggests that SPOP may
be a suppressor of ovarian epithelial tumors. This effect was
confirmed by in vitro experiments; we found that SPOP pro-
moted apoptosis and inhibited proliferation in OVCAR-3 cells.
The Hh pathway exhibits elevated expression in ovarian
cancer.** Gli protein is the terminal effector in the Hh pathway,
and as a transcription factor, it can regulate a variety of genes
involved in cell proliferation, cell cycle, and apoptosis. SPOP
has previously been shown to regulate the Hh signaling path-
way by directly ubiquitinating Gli2 and Gli3 for proteasomal
degradation.'®'*** Moreover, SPOP can down-regulate SuFu
in Drosophila by retaining the spliceosome factor Crooked
neck (Crn).> In this study, we found that SPOP regulated Gli2
at the transcriptional level since SPOP upregulation decreased
the mRNA level of Gli2. Moreover, SPOP can downregulate
Glil and SuFu proteins, the mechanism needs further research.
The regulation of SPOP on Hh signaling pathway, its exact
mechanism may depend on the cellular context, such as the
type of cancer cells. It is conceivable that research on the
regulation of the Hh signaling will provide new directions
for cancer research and treatment.

Conclusion

Our study found that SPOP expression was significantly
reduced in epithelial ovarian cancer tissues. In addition,
increased SPOP expression suppressed cell proliferation
and promoted apoptosis in the epithelial ovarian cancer
cell line OVCAR-3. Moreover, SPOP promoted apoptosis
by downregulating the Hh signaling pathway in OVCAR-3.
All these data suggest that SPOP may play a key tumor
suppressor role in epithelial ovarian cancer. This conclusion
provides a new perspective to better understand the patho-
genesis and therapeutic targets of ovarian cancer. However,
further studies are required to clarify the mechanism of
action by which SPOP regulates the Hh signaling pathway.
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